Background: Numerous conventional wound reconstruction methods, such as wound undermining with direct suture, skin graft, and flap surgery, can be used to treat large wounds. The adequate undermining of the skin flaps of a wound is a commonly used technique for achieving the closure of large tension wounds; however, the use of tension to approximate and suture the skin flaps can cause ischemic marginal necrosis. The purpose of this study is to use elastic rubber bands to relieve the tension of direct wound closure for simultaneously minimizing the risks of wound dehiscence and wound edge ischemia that lead to necrosis. Materials and Methods: This retrospective study was conducted to evaluate our clinical experiences with 22 large wounds, which involved performing primary closures under a considerable amount of tension by using elastic rubber bands in a skin-stretching technique after a wide undermining procedure. Assessment of the results entailed complete wound healing and related complications. Results: All 22 wounds in our study showed fair to good results except for one. The mean success rate was approximately 95.45%. Conclusions: The simple skin-stretching design enabled tension-free skin closure, which pulled the bilateral undermining skin flaps as bilateral fasciocutaneous advancement flaps. The skin-stretching technique was generally successful.
L
arge wounds are common problems related to traumatic defects, tumor ablations, pressure sores, and surgical debridement in wound complications and donor sites of rotation-advancement flaps. Several conventional wound reconstruction methods, such as wound undermining with direct suture, skin graft, and flap surgery, can be used to treat large wounds. Adequately undermining the skin flaps of a wound is a commonly used technique for achieving the closure of large wounds; however, using tension to approximate and suture the skin flaps can cause ischemic marginal necrosis. Our study describes using elastic rubber bands as a potential skin-stretching device in assisted wound closure. The skin-stretching design enabled tension-free skin closure, pulling the bilateral undermining skin flaps as bilateral fasciocutaneous advancement flaps. Based on the viscoelastic properties of normal skin, a skin-stretching device can use constant traction and maintain approximation to facilitate closing large wounds without applying tension.
MATERIALS AND METHODS
A retrospective review was conducted of 22 patients who were treated from June 2004 to June 2011 with elastic rubber bands as a skinstretching device in assisted tension-free wound closure ( Table 1 ). The patient group comprised 15 men and 7 women with ages ranging from 22 to 88 years (mean, 62.73 years). Our experiences entailed applying the skin-stretching technique to 4 (18.2%) backs, 1 (4.5%) chest wall, 2 (9.1%) abdominal walls, 6 (27.3%) buttocks, and 9 (40.9%) hips. The underlying diseases and conditions comprised tumor ablations in 2 (9.1%) cases, surgical debridement in wound infections, and complications in 6 (27.3%) wounds, pressure sores in 10 (45.4%) cases, and donor sites of rotation-advancement flaps in 4 (18.2%) cases. The various locations of the tension wounds and underlying diseases and conditions are listed in Table 2 . The defect sizes ranged from 6 Â 4 cm to 25 Â 15 cm (mean size, 9.59 Â 5.86 cm).
The average follow-up period was 10.5 months (range, 1 month-6 years). All patients were followed up in an outpatient clinic or through telephonic interviews. A completely healed wound is a favorable result, whereas an unhealed or infected wound is a poor result.
A rating from 3 to 4 on the pain scale indicated "tolerable to distress." An oral pain killer relieved anchorage pain. However, the other patients seldom complained of anchorage pain, particularly in the cases of old cerebral vascular accident or spinal cord injury with paraplegia.
Furthermore, according to the Stony Brook Scar Evaluation Scale (SBSES), 1 it incorporates assessments of individual attributes with a binary response (1 or 0) for each scar component as well as overall appearance. The SBSES assessed the following 5 scar components: width, height or depth, color, suture marks, and overall appearance. Each scar was assigned a score of 0 or 1 for the presence or absence of the following: width greater than 2 mm, elevation or depression, discoloration, suture or staple marks, and overall poor appearance, with a total sum range of 0 (worst) to 5 (best). The SBSES has only recently been proposed for use in research, because it was designed to measure short-term rather than long-term wound outcomes. Although the scar scale provides short-term wound outcomes, it has potential for use in scoring long-term wound outcomes.
Surgical Technique
After debridement or excision of the lesion, adequate undermining of the wound's skin flaps is performed. However, approximating and suturing these large wounds could involve a degree of tension, which might cause ischemic necrosis along the skin edges. Determining which large defects are suitable for skin-stretching methods entails assessing the wound size as well as the mobility and quality of the neighboring cutaneous condition. We suggest that pinching the bilateral skin flaps may facilitate assessing their mobility and suitability for stretching by hands. After the primary closure of large wounds, 4 hemostatic forceps were applied to maintain adequate tension in the elastic rubber bands extending across the sutured wound (Fig. 1A) , and skin staples or nylon thread was used to tack the sterile elastic rubber bands, anchoring them to the normal skin at 2 to 8 cm from the wound margin (Fig. 1B) . The anchoring distance varied according to the defect size of the lesion and the anatomic location. Thus, we used a skin-stretching device that facilitates healing under relatively tension-free conditions for assisted wound closure.
The brand of skin stapler used in our hospital is Weck VISISTAT Skin Stapler 35 W. The staples are 6.5 mm wide Â 4.7 mm long, but the anchorage depth is less than5 mm. When we applied the skin staples directly on the back, putting extra stitches using 3-0 nylon for attaching the skin staplers to the skin was recommended to reinforce the anchor sites and prevent the skin staplers from being pulled out. Moreover, severing the rubber bands with skin staples without cutting the skin is difficult and requires caution.
Although establishing appropriate skin-stretching conditions on both sides of a wound is crucial, excessive tension should be avoided. The undue elastic pressure could injure normal skin flaps. Patients perceive pain from staple anchorage due to excessive tension on the elastic rubber bands. The elastic rubber bands can be looped as necessary when they applied to larger wound defects. It was suggested that the elastic rubber bands were generally left in place for approximately 10 to 28 days (mean, 19.36 days), depending on the anatomic locations.
Case Report

Case 1
A 76-year-old man with an old cerebral vascular accident was a long term bed-ridden patient. He had a stage 4 large pressure sore on the right hip, approximately 20 Â 7 cm 2 in size ( Fig. 2A) , with an underlying large infected dead space, approximately 25 Â 15 cm 2 in size (Fig. 2B ). After serial debridement and negative pressure wound therapy, the large wound of right hip presented tension wound suture. The skin-stretching device was used to reduce the tension at the wound edge (Fig. 2C) . The wound healed completely on day 54 after the operation. The surrounding scars of the anchorage areas were reasonable and acceptable (Fig. 2D) .
Case 2
A 60-year-old man, who was diagnosed with liposarcoma of the upper back, underwent a wide excision with a 3-cm surgical margin. After total resection, a large wound approximately 19 Â 8 cm 2 in size was observed on the back (Fig. 3A) .
After the wound was undermined and closed, the simple skinstretching device was applied to provide tension-relief and assist wound closure (Fig. 3B) . The wound healed completely 1 month after wound closure. However, the short-term outcome of the surrounding scars of the anchorage areas was poor (Fig. 3C ).
Case 3
A 41-year-old woman presented with a stage 4 pressure sore of the sacral area with an underlying infected bursa and dead space. The pressure ulcer was extensively debrided and subjected to subsequent reconstruction using the left unilateral gluteus maximus myocutaneous flap. However, the donor site of the left buttock developed a large infected wound (8 Â 5 cm 2 in size) after serial debridement (Fig. 4A) . This large wound exhibited tension wound closure; therefore, we applied the proposed skin-stretching device to decrease the closure tension of the flaps at the harvest donor site (Fig. 4B) . The wound was completely healed 4 weeks after wound closure. However, the short-term outcome of the surrounding scars of the anchorage areas was poor (Fig. 4C) .
RESULTS
Of the 22 patients in the study, 21 (95.5%) patients were able to have their tension wounds closed by applying the proposed skinstretching device; nevertheless, for ultimate wound healing, the wound of 1 (4.5%) patient required a bilateral, bipedicled abdominal skin flap to reconstruct a mid-abdominal, full-thickness defect with exposure of internal intestines. [2] [3] [4] No major complications were encountered in this study; minor complications comprised poor surrounding scars from extra staples or additional suture areas in 9 (40.9%) patients and pain from staple anchorage in 6 (27.3%) patients who were subjected to excessive rubber band tension. Scars result from the healing process. However, these poor surrounding scars will become inconspicuous with time (Figs. 5A-D) . Most of the patients reported ratings from 3 to 4 on a comparative pain scale at anchorage sites on the trunk, particularly within 2 or 3 days after surgery. The comparative pain scale was developed in 2002 by Jack Harich. 5 
DISCUSSION
The viscoelastic properties of mechanical creep and stress relaxation in the skin 6 were described more than 40 years ago. Based on the viscoelastic properties of normal skin, a skin-stretching device can use constant traction and maintain approximation to facilitate closing large wounds without applying tension. Many surgical designs [7] [8] [9] [10] [11] are available for treating large wound closures, but most special devices based on these designs require additional equipment and materials to achieve gradual wound closure. Using skin-traction beyond this level was reported by Escalera, 12 who attached rubber bands to staples applied to the skin edges. Various types of skin-stretching device have been described, such as the 4 Kirschner pins that Bashir 13 inserted around a wound. The silver wires were looped around the crossing points of the K-pins and passed through the skin to the center of the wound, where they were twisted on each other. The Sure-Closure Skin-Stretching System was first introduced by Hirshowitz et al. 14 Lee 15 developed another novel device for achieving and maintaining wound closure that entailed the serial tightening of loop sutures. Marek et al 16 described a technique that involves using spinal needles, in which towel clips and the natural stretching ability of the skin enable the primary closure of wounds.
We applied a skin-stretching technique to relatively large wounds, thus performing primary closures under a considerable amount of tension after a wide undermining procedure. Determining the extent of undermining is necessary. Quantifying the extent of wound undermining to compromise the circulation of skin flap is difficult. In general, we performed extensive wound undermining until wound approximation and closure occurred by pinching bilateral skin flaps to enable the wound to suture before applying the skin-stretching device. However, if the stretching skin flap showed a pale color without bleeding, the simple skin-stretching device could not be applied.
If despite extensive wound undermining, wound approximation and closure by pinching bilateral skin flaps cannot be achieved, other optimal skin-stretching devices, skin grafts, or regional flaps should be used instead of the simple skin-stretching device.
The simple skin-stretching technique could be applied at multiple anatomic locations, such as the scalp, upper back, lower back, hip, buttock, anterior chest wall, abdominal wall, upper extremities, and lower extremities.
We selected 22 patients whose wounds were mainly located on the trunk because these anatomic areas could be easily subjected to more extensive wound undermining than other areas could. Moreover, most of the patients could tolerate anchorage pain on trunk to a greater extent than on the scalp or distal leg. The comparative pain scale score 1 . A, After the primary closure of large wounds, four hemostatic forceps were applied to maintain adequate tension in the elastic rubber bands extending across the sutured wound. B, Skin staples or nylon thread was used to tack the sterile elastic rubber bands, anchoring them to the normal skin at 2 to 8 cm from the wound margin.
for anchorage pain on the scalp and distal leg is approximately 5 to 6 (highly distressing to intense). Wound size was not the primary factor in deciding whether or not the skin-stretching device should be used for allowing wound closure or assisting in tension wound closure. Therefore, the decision to apply the skin-stretching device was more subjective than objective.
In our study, we chose to use the elastic rubber bands in our simple skin-stretching appliance for assisted tension-relief wound closure because the rubber bands are soft and elastic and provide the dynamic expansion and contraction necessary for harnessing undermined skin flaps as advancement flaps. ). B, The simple skin-stretching device that used elastic rubber bands in assisted tension-relief wound closure. C, The wound was completely healed by the 1-month follow-up after wound closure. The short-term outcome of surrounding scars of anchorage areas showed poor. SBSES = 1: width, 0; height, 1; color, 0; marks, 0; appearance, 0. ) after serial debridement. B, The simple skin-stretching device that used elastic rubber bands reduced the tension at wound closure. C, The wound was completely healed by the 24-day follow-up after wound closure. The short-term outcome of the surrounding scars of anchorage areas was poor. D, After a 6-year follow-up, the surrounding scars of the anchorage areas of the lower back became inconspicuous (long-term outcome). SBSES = 4: width, 1; height, 1; color, 1; marks, 0; appearance, 1. ) after serial debridement. B, The simple skin-stretching device that used elastic rubber bands reduced the tension at the donor-site closure. C, The wound was completely healed by the 4-week follow-up after wound closure. The short-term outcome of surrounding scars of anchorage areas showed poor. SBSES = 1: width, 0; height, 1; color, 0; marks, 0; appearance, 0.
